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Many science and engineering students attempt to solve problems by searching for the 

“right” equation, an approach that fails for complex problems. Research on the differences 

between novices and experts has led to teaching innovations that model the steps of strong 

problem-solving strategies, then students practice these techniques. We propose to use an online 

tool to support, develop, and track what students do when solving problems and to use this 

tracking to determine the extent to which pedagogical reforms have improved problem-solving 

processes. We propose to use the web-based problem-solving environment (IMMEX) that has 

been used in K-12 education, and in biology and chemistry courses at the university-level, but 

there are few problems in physics. We will convert our existing complex, context-rich, physics 

problems into the IMMEX-structure, and track which strategies or pathways students use to 

solve these problems. Students will be presented with a realistic, multifaceted problem, and can 

request different information by clicking on links to, e.g. numerical data, advice from experts, 

sketches, or scientific principles. Not all the options are useful, and each comes with an 

associated “cost.” Students solving IMMEX problems must make decisions as to what 

information they need. The main intellectual merit in this proposal, beyond extending the 

database of problems, is to adapt IMMEX by asking student to justify their decision and reflect 

on the problem-solving process. Since requesting information comes at a time or dollar “cost” to 

the student within an IMMEX problem, we will add justification steps to problems that provide 

students with a time or financial “bonus,” The broad impact of our work will come from the 

analysis of the solution-pathways used by students and how they change with instruction. 

Persistent weak points in student strategies can be used to focus problem-solving instruction to 

improve a critical aspect of the education of our future scientists and engineers. 
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Progress in our technological society absolutely requires that young scientists and engineers have 

strong quantitative problem-solving skills. Yet most science and engineering students struggle when faced 

with complex and unfamiliar problems because they usually approach problem-solving tasks with a 

relatively limited strategy of searching for ready-made formulae to apply to the problem. In contrast, 

experts have learned to approach complex problem-solving challenges by qualitatively analyzing the 

problem, identifying the fundamental principles, and use this analysis to break the problem down into 

manageable sub-tasks. These and other differences in strategy between novices and experts are well-

established, and have led to the development of several teaching innovations designed specifically to move 

students away from the novice equation-based ‘plug-and-chug’ technique. The fundamental pedagogy is to 

teach students the multiple steps of strong problem-solving strategies, model these steps via example, and 

students then practice these techniques. To evaluate the success of such reforms, faculty have used 

interviews with a small number of students to yield qualitatively rich data on the process of learning and 

problem-solving. However, such interviews are very labor-intensive and cannot be implemented widely. 

What is critically needed, therefore, are methods to support, develop, and track the processes students use 

when solving problems and to use this tracking to determine the extent to which pedagogical reforms have 

improved problem-solving processes. The lack of these evaluation tools means that we do not have readily 

usable guideposts to use to improve a critical aspect of the education of our future scientists and engineers. 

The long-term goal of our program is to understand how to develop students’ problem-solving 

skills in a wide range of quantitative disciplines and course-levels. The objective of this proposal is to use 

a web-based problem-solving environment to track the pathways that students follow when solving 

complex physics problems, and to determine changes in student solution strategies as students participate 

in explicit problem-solving instruction. The web-based problem-solving environment (IMMEX) has been 

used in K-12 education, and in biology and chemistry courses at the university-level. Students are 

presented with a realistic, multifaceted problem, and can request different information by clicking on links 

to, e.g. numerical data, advice from experts, sketches, or scientific principles. Not all the options are 

useful, and each comes with an associated “cost.” We propose converting existing complex, context-rich, 

university-level physics problems into the IMMEX-structure, and tracking which strategies or pathways 

students use to solve these problems. 

Our rationale for the studies outlined in this proposal is that analyzing the solution pathways and 

processes will provide rich information about how students solve quantitative problems. Our specific aims 

for this proposal are: 

Objective #1: To convert existing complex context-rich problems into the IMMEX environment 

for online delivery. We will convert existing problems into the IMMEX web-format and have students in 
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sophomore physics classes solve these problems. We will track which information students request and in 

which order, and categorize the types of solution-strategies. 

Objective #2: Add rewards to online complex problems to encourage regulatory problem-

solving steps such as problem categorization, checking-strategies, justification, and reflection. Currently 

students solving IMMEX problems must make decisions as to what information they need. Significant 

learning can occur if students are asked to justify their decision and reflect on the problem-solving 

process. Since requesting information comes at a time or dollar “cost” to the student within an IMMEX 

problem, we will add justification steps to problems that provide students with a time or financial “bonus,” 

Objective #3: To analyze the solution-pathways that students use when solving complex, 

context-rich problems and to determine changes in student solution strategies as they participate in 

explicit problem-solving instruction. We will evaluate the extent to which solution-strategies change 

during participation in academic coursework designed to improve problem-solving skills. We will also 

examine persistent weak points in student strategies and use this information to focus instruction. 

Our group brings multiple perspectives to these tasks, including Craig Ogilvie’s and Dave 

Atwood’s experience in teaching problem-solving during physics courses, in particular using the 

nationally-recognized University of Minnesota Physics Department instructional format. Craig Ogilvie, 

David Atwood, and Paula Herrara have extensive experience in developing online problem-sets for large 

enrollment courses with over 1,000 questions authored and categorized in a searchable database. David 

Meltzer and Mack Shelley will lead the evaluation work: David has successfully developed diagnostic 

instruments in technical subjects ranging from vectors to thermodynamics, and Mack Shelley is Director 

of the Research Institute for Studies in Education at Iowa State University. 

The main innovation in this proposal is obtaining rich information on how students solve physics 

problems and analyzing solution pathways to inform our teaching practice. At the completion of this 

project, we expect to have at least ten IMMEX-based problems in Physics that other instructors can use. 

The quantitative information we will obtain is critical to guide faculty on how to improve the problem-

solving skills of students that are so essential to their future success as engineers and scientists. 

 Review of Literature that is Relevant to this Application. Extensive research on problem-solving 

has established three main categories of interwoven knowledge that are required to solve quantitative 

problems (Anderson, 1985; Maloney 1994; Bransford, 2000): (1) declarative knowledge or strong content 

understanding that is well-organized, (2) procedural knowledge or competence in a variety of problem-

solving strategies and heuristics, and (3) regulatory knowledge, e.g., planning the solution before 

embarking on the details and monitoring progress for technical and strategy errors as the solution 

develops. Developing strong problem-solving skills in students is a major challenge because these three 

areas of knowledge need to be developed simultaneously. 
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Assessment of student problem-solving has been predominantly of two types (Royer, 1993): (a) 

interviews or (b) asking students to solve a complex problem and grading the solution. Interviews 

designed to evaluate problem-solving were pioneered by Reif (1976) and Schoenfeld (1985). Other 

researchers have relied on scoring completed problems worked by students (Heller, 1992; Heuvelen, 1991; 

Bagno, 1997; Beichner, 1999; Sutherland, 2002). However, since only the final solution is available, it is 

difficult to learn what steps the student went through in formulating the solution: Did the student struggle 

with analyzing the problem at the start, or did drawing the diagram enable the student to make progress? 

In recent years several online problem-solving environments (Stevens, 2003; Chung, 2004; Ryan, 

2004, VanLehn, 2002) have been developed. These tools fall into two classes: 1) online tutors such as 

ANDES (VanLehn, 2002) that provide some structure to guide students through different stages together 

with tutoring when students get stuck, or 2) unstructured environments where students are presented with 

a general description of the task at hand, a menu of items that contain information and are required to 

make many decisions about how to solve the problem. Stevens has shown (Stevens 2003) that students 

start with a scattershot approach in such unstructured environments, but with experience they develop 

more effective strategies. There are several open-ended environments with slightly different focuses; 

Chung’s tool is for design-problems in which students are asked to construct a virtual device that must 

satisfy given constraints. The Engineering Learning Portal developed by Ryan presents students with an 

industrial business case of, for example, whether to upgrade existing manufacturing lines or outsource 

production. Students can select spreadsheets containing pertinent costs, or projections of demands. The 

online environment that seems most closely matched to complex, multifaceted physics problems is the 

IMMEX environment developed by Stevens and collaborators (Stevens). 

Here is one example from the IMMEX database: the “Daredevil Train Jump,” in which a stunt 

driver has to calculate when s/he must start a car to jump over a moving train. Here is the solution pathway 

of one of the PIs on this proposal. 
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The colored boxes represent the information that the PI requested with links showing the sequence of 

requests. The grey items were not requested. The IMMEX tools track the pathways the students follow as 

they solve the problem, and these pathways can be categorized offline into several classes. Stevens and co-

workers (Stevens et al., 2004, Stevens & Palacio-Cayetano, 2003) used a neural-net to group the solution 

for high-school students solving chemistry and biology problems into a few characteristic approaches: (1) 

the Prolific strategy, whereby a student requests a broad range of relevant and irrelevant information, (2) 

the Redundant strategy, in which a student requests information that s/he already has, or, in the case of a 

diagnosis-case, the student orders a test that provides information on only an already eliminated diagnosis, 

(3) the Efficient strategy whereby a student requests the pertinent information, and (4) the Limited 

strategy, in which a student makes a guess at the solution without having requested sufficient information. 

 Preliminary Studies. At ISU we have considerable experience in using pen-and-paper complex 

problems in active-learning recitations to improve students’ problem-solving skills. Of the several 

innovative pedagogies to improve student problem-solving skills, e.g., Overview Case Studies (Heuvelen, 

1991), and SCALE-UP (Beichner, 1999), we have adapted the technique first introduced by the Physics 

Department at University of Minnesota (Heller, 1992). The crucial step is for students to practice on 

multifaceted, realistic problems. Weekly problem-solving/recitation sessions are held in which 

approximately 20 students meet with their Teaching Assistant. For the past three years, ISU students have 

worked in groups of three to four in these sessions on multifaceted problems differing from “normal” 

textbook problems by involving more than one scientific principle; hence the groups cannot readily solve 

it by “searching” for a formula. Rather, they must analyze the problem qualitatively, identify the principles 

involved, and then build a solution. These problems are a natural match to be delivered in the online 

IMMEX environment, where students would still work in groups and have to make joint decisions about 

what information they need to solve the problem and what physics the solution requires. 

 We have written and used 36 pen-and-paper context-rich problems, primarily in areas of thermal 

physics, electricity/magnetism, and optics. These problems and their solutions are available to all physics 

instructors at http://owl.physics.iastate.edu. This database complements the Minnesota database of 

problems that focus primarily on kinematics and dynamics. The main differences between a written 

context-rich, complex problem and a problem written for IMMEX delivery are: 

1. The prolog or description of the problem contains no quantitative information characterizing the 

physical situation. This information has to be requested explicitly by the student, at some cost. 

2. The statement of the problem not only makes the student the central figure, but also imposes some 

boundary condition (e.g., the director wants a solution in under 4 hours), and the “cost” for 

obtaining information is then listed as taking a certain amount of time. 
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3. The information available to the student is categorized into several types—e.g., data, diagrams, 

physical principles, advice from experts. Not all the information is relevant or useful. 

We have started converting the pen-paper context-rich problems into the IMMEX structure. We have 

made a first cut of the categories of information students request and have designed links for one problem 

in 2-dimensional dynamics: the “Ski-Jump” problem in the Minnesota database (see Appendix A). The 

objective of the work in this proposal is to produce at least ten such questions, analyze the solution 

pathways, track whether these change over time, and use this information to inform instruction on 

problem-solving. The research required to accomplish these objectives is described in the next section. 

Research Design 

Objective #1: To convert existing complex context-rich problems into the IMMEX environment for 

online delivery. 

1.1. Introduction: There are no more than two or three problems in the current IMMEX database that 

are suitable for use in college-level physics courses. Hence the first objective of this proposal is to 

convert existing complex problems that we have into the IMMEX structure.  

1.2. Specific Tasks Required to Accomplish this Research Aim: 

• Decide on common categories of types of information. Our current list is: data, physical 

principles, diagrams, estimation of result, and ask the experts for advice. 

• Select problems for conversion. We will choose problems that require at least two physics 

principles for their solution as well as those that offer multiple paths for correct solutions. 

• Design the information items a student can request, and assign costs to these. 

• Write the problems using the IMMEX authoring tool. 

• Use a focus group of paid student volunteers to test-drive the problems and provide feedback. 

Implement changes to the problems based on the feedback. 

1.3. Expected Outcomes At the completion of the studies outlined in this aim we expect to have a set 

of 10 questions written and tested for delivery in the IMMEX environment. 

Objective #2: Add rewards to online complex problems to encourage regulatory problem-solving steps 

such as problem categorization, checking-strategies, justification, and reflection. 

2.1. Introduction Strong problem-solving depends on a wide-range of skills, e.g., using different 

representations of the problem, categorizing the problem by identifying the principles involved, 

rather than surface features. We can encourage and support such skills by offering rewards in the 

IMMEX environment for these new tasks, e.g., the addition of more “time” to solve the problem. 

2.2. Specific Tasks Required to Accomplish this Research Aim: 

• In the second year of this proposal we will add four new categories of regulatory tasks to 

IMMEX: categorizing the problem (Jonassen, 2004), choice of checking strategies, justification 
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statements (Ryan, 2004), and reflection statements. These tasks can be implemented via pull-

down menus and text-entry forms. As a first step it will not be possible to assign a score based 

on what the student writes, but the responses can be examined offline. 

• Track the usage of these incentives, when are they chosen, and what actions follow their use. 

Establish the extent to which the use increases the percentage of correct solutions. 

2.3. Expected Outcomes At the completion of the studies outlined in this aim we expect to have 

regulatory tasks and positive incentives for the 10 IMMEX complex physics problems and to have 

evaluated the extent these impact student problem-solving strategies. 

Objective #3: To analyze the solution-pathways that students use when solving complex, context-rich 

problems, and to determine changes in student solution strategies as they participate in explicit 

problem-solving instruction. 

3.1. Introduction The IMMEX environment collects the pathways students use as they solve the 

problems. This information can be analyzed to provide information to the instructor and the student 

about what types of strategies the student is using and how these change over time. 

3.2. Specific Tasks Required to Accomplish this Research Aim: 

• Use the IMMEX complex problems in recitations in our sophomore calculus-based ISU physics 

course where approximately 500 students are enrolled per semester. We plan to divide these into 

an experimental group of approximately 100 students who would use the IMMEX environment 

during their recitations and a comparison group that would solve the same problems in the 

traditional pen-paper format. Stevens, 2003 reports that groups working in the IMMEX 

environment engage in intense discussions on the decisions to be made to solve the problem.  

• Track the pathways used by the experimental group as they solve IMMEX problems, and mine 

this information to address questions such as: Are students more likely to get the question correct 

if they spend more time at the start of the problem on links that help qualitatively analyze the 

problem? If students start off by requesting a series of quantitative data, what do they do next? 

Establish the extent to which these characteristics change during the semester. 

• Categorize the solution pathways using neural-net tools developed at IMMEX to find clusters 

of strategy types. Track how the frequency of these strategies changes during the semester. 

• Compare how well the experimental group does with respect to the comparison group on 

several measures: performance on the same exams, weekly problem-sets, and learning gain 

measured via standard conceptual diagnostics (e.g., Force Concept Inventory). 

3.3. Expected Outcomes At the completion of these studies we expect to have analyzed solution 

pathways for 100 students on at least seven different problems and to have evaluated the extent to 

which the problem-solving strategies of these students change over the semester. 
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Evaluation The evaluation will be headed by Mack Shelley and David Meltzer, and the results will be 

shared with the IMMEX Project team. An evaluation report will be written each year of the project 

compiled by Shelley: the first year evaluation will be used to guide the rest of the project. We will use the 

a-e-I-o-u approach (Kemis, 2000) which organizes evaluation questions into five areas: 

(a)ccountability, i.e. did the project team do what it said it was going to do? 

(e)ffectiveness, i.e. how well did the activities meet the objectives of the project?   

(I)mpact, i.e. what changes occurred as a result of the project? Did the students in the experimental group    

(those using IMMEX) perform better on exams, problem sets, and physics diagnostic instruments 

(e.g. FCI) compared to the comparison group? Although the two groups should be comparable, we 

will correlate these measures with institutional records (ACT and math diagnostic scores). Surveys 

and focus groups will be used to obtain qualitative information on impact.  

(o)rganizational context, i.e. which structures, or events affected the project, based on data collected from 

interviews with key personnel, focus groups made up of those most affected by the project, or 

analysis of documents? In particular, what helped to achieve the goals and objectives of the 

project and what made it difficult? 

(u)nanticipated outcomes, i.e. what happened that was not planned for or expected? 

Dissemination Once a problem is approved by the IMMEX project-team it is available to be used by any 

instructor at any institution. Currently there are over 400 K-12 schools and universities registered to use 

IMMEX problems. This has the additional benefit of a larger and broader pool of students who solve any 

one IMMEX problem so that problem-solving strategies can be analyzed in a larger data set. In addition to 

this automatic dissemination, we plan to present our work at national meetings of the APS and AAPT, as 

well as submit our findings to peer-reviewed literature. 

Future directions At the end of this project we expect to have 10 well-tested, complex, context-rich 

physics problems in the IMMEX database, along with information on how students solve these problems 

and how these strategies change with time. One area for future work is for students to be able to add their 

own diagrams, planning or mathematics to the solution. Currently students request the information from 

IMMEX, but setup their algebra and numerical solution on a piece of paper. There are potential benefits to 

providing a link to a graphics, text, and mathematics workspace, e.g., a webMathematica window that a 

student could use to add diagrams, text, or execute and store the mathematical side of their work.  
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appointment in Department of Political Science, 2000-present 
Professor, Departments of Statistics and Political Science, and (rank only) Educational Leadership and 

Policy Studies, 1999-2000 
Vice Chair, Department of Political Science, 1/1/93-6/30/94 
Professor, Departments of Statistics and Political Science, 1990-1999 
Assistant Professor, 1979-83; Associate Professor, 1983-90; 

Mississippi State University 
Assistant Professor, Department of Political Science, 1977-1979 

 
Publications: 
(i) Publications most closely related to the proposed project 
John H. Schuh and Mack C. Shelley, II, “A Longitudinal Analysis of Funding for Student Affairs in Public 

Institutions,” Journal of College Student Development, 42(5), 456-464 (2001). 
Kari A. Hensen and Mack Shelley, “The Impact of Supplemental Instruction:  Results from a large, public, 

Midwestern university,” Journal of College Student Development, 44(2), 250-259 (2003). 
Ana Arboleda, Yongyi Wang, Mack C. Shelley, II, and Donald F. Whalen, “Predictors of Residence Hall 

Involvement,” Journal of College Student Development, 44(4), 517-531 (2003). 
Florence A. Hamrick, John H. Schuh, and Mack C. Shelley, II, “Institutional Characteristics and Resource 

Allocation:  Predictors of Graduation Rates,” Education Policy Analysis Archives, 12(19) (2004) [On-line] 
Available: http://epaa.asu.edu/epaa/v12n19/ 

Mack Shelley, Lisa Thrane, Stuart Shulman, Evette Lang, Sally Beisser, Teresa Larson, and James Mutiti, “Digital 
Citizenship: Parameters of the Digital Divide,” Social Science Computer Review, 22(2), 256-269 (2004). 

(ii) other significant publications 
Donald G. Hackmann and Mack C. Shelley, II, “Instructional Practices and Curricular Integration in an 

Interdisciplinary Secondary School Teaming Approach,” Planning and Changing, 33(3&4), 223-247 
(2002). 

John Shertzer, Kevin P. Saunders, J. Lily Zheng, Mack C. Shelley, II, and Donald F. Whalen, “Influences on 
Residence Hall Undergraduates’ Perceptions of Student Leadership,” Journal of College and University Student 
Housing, 31(2), 12-21 (2003). 

J. Lily Zheng, Kevin P. Saunders, Mack C. Shelley, II, and Donald F. Whalen, “Predictors of Academic Success 
for Freshmen Residence Hall Students,” The Journal of College Student Development, 43(2), 267-283 
(2002). 

Yongyi Wang, Ana Arboleda, Mack C. Shelley, II, and Donald F. Whalen, “The Influence of Residence Hall 
Community on Academic Success of Male and Female Undergraduate Students,” Journal of College and 
University Student Housing, 32(3), 16-22 (2004). 

Ana Arboleda, JingJing Chen, Mack C. Shelley, II, and Donald F. Whalen, “Earning and Learning:  Reasons 
Students Attend College,” Journal of the First-year Experience and Students in Transition, 16(1) (2004)—
forthcoming. 

 
Synergistic Activities 

Professor Shelley has served at Iowa State University for over 20 years with a joint faculty appointment, 
from 1979-99 between Political Science and Statistics and since August 1999 between Statistics and 
Educational Leadership and Policy Studies.  As Director, and previously Coordinator of Research, of the 



Research Institute for Studies in Education, in the College of Education, a primary role has been to stimulate 
multidisciplinary research efforts.  Much of his research has been conducted jointly with faculty and graduate 
students in Sociology, Human Development and Family Studies, Economics, Civil Engineering, Textiles and 
Clothing, Political Science, Health and Human Performance, and other Education departments.  Research topics 
span areas such as higher education, special education, early Head Start, environmental contamination, voting 
behavior and elections, transportation, biotechnology, public health, gerontology, and student affairs.  He has 
consulted with several state and national agencies, primarily on statistical issues related to public policy, has 
been principal investigator, co-principal investigator, or consultant on a variety of externally funded grants from 
agencies including the National Science Foundation, and has provided expert witness testimony in federal 
district court.  He has served on multidisciplinary research groups and administrative teams on such topics as 
university residence facilities, communication across the curriculum, learning communities, instructional 
technology, teacher education, strategic planning, and student discipline.  From 1993-2002, he was co-editor of 
the Policy Studies Journal, an international multidisciplinary refereed journal addressing public policy issues.  
He has served as major professor for about 75 Ph.D. and master’s graduate students, and over 550 other 
doctoral and master’s dissertation and thesis committees for students in many departments.  He has been mentor 
to several junior faculty members and external evaluator for many promotion and tenure decisions. 
Collaborators & Other Affiliations: 
(a) Collaborators and Co-Editors 
Barbara A. Bardes—U. of Cincinnati 
Sally Beisser—Drake U. 
Sedahlia J. Crase—Iowa State U. 
Michael R. Crum—Iowa State U. 
Paula W. Dail—Iowa State U. (retired) 
Uday Desai—Southern Illinois U. 
Larry H. Ebbers—Iowa State U. 
David Feldman—U. of Tennessee-Knoxville 
Warren D. Franke—Iowa State U. 
Steve Garasky—Iowa State U. 
Shirley A. Gilmore—Iowa State U. 
Walter H. Gmelch—Iowa State U. 
Donald G. Hackmann—Iowa State U. 
Florence A. Hamrick—Iowa State U. 
Junehee Kwon—unknown 
Paul Lasley—Iowa State U. 
Freeman Moser, III—Iowa State U. 
Paula C. Morrow—Iowa State U. 
James Mutiti—Ohio U. 
Mary Jane Oakland—Iowa State U. 
Barbara Ohlund—U. of Nebraska-Lincoln 
Carla A Peterson—Iowa State U. 
Sandra L. Ramey—Marquette U. 
Robert D. Reason—Pennsylvania State U. 
Stephen Sapp—Iowa State U. 
Steffen W. Schmidt—Iowa State U. 
John H. Schuh—Iowa State U. 
Stuart Shulman—Drake U. 
Harvey M. Stahr—Iowa State U. 
Montgomery Van Wart—Texas Tech U. 
Gregory Welk—Iowa State U. 
Donald F. Whalen—Iowa State U. 
William Woodman—Iowa State U. 
(b) Graduate and Postdoctoral Advisors 
Graduate Advisor:  Barbara Hinckley (deceased) 
(c) Thesis Advisor and Postgraduate-Scholar 

Sponsor (85 total—last 4 years listed) 
Robin Leigh Maas-Galloway—Iowa State U. 

Jeffrey G. Berger—Iowa Dept. of Education 
Robert Lee McNair—Boone, IA (retired) 
Susan Marie Collins—U. of Northern Colorado 
Harold Eddie Lee—Marshalltown, IA 
Ellis Ott—Iowa State U. 
Yalem Teshome—Iowa State U. 
Christopher C. Pierson—Iowa State U. 
Wenyu Su—Iowa State U. 
Dong Yan—unknown 
Xinpeng Wang—unknown 
Jing (Lily) Zheng—Capital One (Virginia) 
Jing-Jing Chen—unknown 
Yufang Wu—unknown 
Xiaojin Chen—unknown 
Yumei Sun—Iowa Department of Public Health 
Xiaoxia Lou—unknown 
Yangyang Luo—unknown 
Xiao-lan Li—unknown 
Zhenya Hu—unkown 
Yongyi Wang—National Opinion Research Center 
Mary Elizabeth Manion—Ames, IA 
Minguan Wang 
Yan Guo—Iowa State U. 
Bin Zhang 
Linghong Zhang—graduated in 2004 
Lanying Qi—graduated in 2004 
Yan Li 
Brian Hayes—graduated in 2004 
Jun Yan 
Peng Fan 
David Walker—U. of Northern Illinois 
Ching-Chun Shih—Taiwan 
Robert Reason—Pennsylvania State U. 
William Nelson—U. of Iowa 
Lisa Thrane—Iowa State U. 
Kay Ann Taylor—Iowa State U. 
Shari Ellertson—Iowa State U. 
Kevin Saunders—Iowa State U. 



Ron Stevens, Ph.D. 
Professor, UCLA School of Medicine 
Director, IMMEX Project 

5601 W. Slauson Blvd. #255 
Culver City, CA 90230 

(310) 649-6589 voice 
(310) 649-6591 fax 

immex_ron@hotmail.com
 
 
 
Dr. Ron Stevens is Professor of Microbiology and Immunology, UCLA School of 
Medicine and the director of the technology-based IMMEX problem-authoring and 
solving project.  As a basic science researcher he has published over 100 peer-reviewed 
articles in the area of cellular and molecular immunology.  He has also published articles 
on technology and professional development topics spanning elementary school through 
medical school.  He is/has been the principal investigator on multiple science education 
grants (National Science Foundation and Howard Hughes Medical Institute) to foster the 
integration of technology and problem solving into the classrooms of Los Angeles and 
through the Department of Education’s PT3 program has extended these technologies to 
preservice teacher instruction.    
 
Professional Preparation 
Ohio Wesleyan University, B.A. 1968.  Major: Bacteriology 
Harvard University, Ph.D. 1971.  Major: Microbiology and Molecular Genetics  
Appointments 
1974- Professor of Microbiology and Immunology, UCLA 
 
Synergistic Activities 
The educational software tools developed by the IMMEX project have received multiple 
research and corporate awards including the New Researcher Award from the 
Association of American Medical Colleges (1992), a Masters of Innovation award from 
Zenith Corporation (1992), a nomination from the Computerworld-Smithsonian 
Institute's "A Search For New Hero's" competition (1994) and an award of excellence 
from the 2001 Minnesota Learning Software Design Competition.  
 
Dr. Stevens has served on multiple national committees/panels related to the use of 
technology for education and assessment, is a member of the Center for Research, 
Evaluation Students Standards and Testing (CRESST), and a member of the board of 
Bioquest Inc. He also serves as a member of the University of California, Office of the 
President's Committee on Outreach and Technology and also a member of the education 
committee of the American Association of Immunologists.   In September 2000 IMMEX 
was one of twelve educational technology projects invited to participate in Secretary 
Riley’s Conference on Educational Technology in Washington D.C.   
 
Collaborators: 
Collaborators include Dr. Eva Baker, UCLA/CRESST, Drs. Doug Harris and David 
Gibson from VISMT, Dr. Sara Dexter from the University of Minnesota and Dr. Eric 
Klopfer from MIT. 
 
Ph.D. Mentor : Harold Amos, Ph.D., Harvard University 



Most Closely Related Publications  
Stevens, R.H., and Najafi K. (1993).  Artificial Neural Networks as Adjuncts for Assessing 

Medical Students' Problem-Solving Performances on Computer-Based Simulations. 
Computers and Biomedical Research 26(2), 172-187. 

Stevens, R., Wang, P., Lopo, A. (1996). Artificial Neural Networks Can Distinguish Novice and 
Expert Strategies During Complex Problem-Solving.  Journal of the American Medical 
Informatics Association vol. 3 Number 2 p 131-138. 

Stevens, R.H., Ikeda, J., Casillas, A., Palacio-Cayetano, J., and S. Clyman (1999).  Artificial 
Neural Network-based Performance Assessments.  Computers in Human Behavior, 15: 295-
314. 

Underdahl, J., Palacio-Cayetano, J., and Stevens, R., (2001). Practice Makes Perfect:  Assessing 
and Enhancing Knowledge and Problem-solving Skills with IMMEX Software.  Learning 
and Leading with Technology.  28: 26-31. 

Vendlinski, T. and Stevens R. (2002) “A Markov model analysis of problem-solving progress and 
transfer.” The Journal of Technology, Learning and Assessment. 1(1). 

Stevens, R. H. and Palacio-Cayetano, J., (2003).  Design and Performance Frameworks for 
Constructing Problem-Solving Simulations.  Cell Biology Education 2, 162-179. 

Stevens, R. H., Soller, A., Cooper, M., and Sprang, M. (2004).  Modeling the Development of 
Problem-Solving Skills in Chemistry with a Web-Based Tutor.  Lecture Notes in Computer 
Science, 3220, 580-591, 2004. 

 
Other Relevant Publications 
Hurst, K. C., Casillas, A. C., & Stevens, R. (1998). Exploring the dynamics of complex problem-

solving with artificial neural network-based assessment systems. (Tech Rep. 446). Los 
Angeles, California: University of California, Center of Research on Evaluation, Standards 
and Student Testing. 

Kanowith-Klein, Carolyn Burch & R. Stevens. (1998) Sleuthing for Science. National Staff 
Development Council Journal of Staff Development vol. 19, No. 3 p.48-53. 

Palacio-Cayetano, J., Allen, R. D., & Stevens, R. H. (1999). Computer assisted evaluation--The 
next generation. The American Biology Teacher vol. 61, No. 7, p 514-522. 

Palacio-Cayetano, J., Kanowith-Klein, S., and Stevens, R., (1999).  UCLA’s Outreach Program of 
Science Education in the Los Angeles Schools.  Academic Medicine 7(4): 348-351. 

Casillas, A.M., Clyman, S.G., Fan, Y.V., and Stevens, R.H. (1999).  Exploring Alternative 
Models of Complex Patient Management with Artificial Neural Networks. Advances in 
Health Sciences Education 1: 1-19, 1999. 

Kanowith-Klein, S., Stave, M., Stevens, R., and Casillas, A., (2001).  Problem-solving Skills 
Among Pre-College Students in Clinical Immunology and Microbiology:  Classifying 
Strategies with a Rubric and Artificial Neural Network Technology.  Microbiology 
Education, 2: 25-33. 2001. 

 
Publications/Evaluations of The IMMEX Project 
Lawton, M., (1998). Making the Most of Assessments.  Education Week on the Web, October 
1998.   http://www.edweek.org/sreports/tc98/cs/cs9.htm 
Chen, E., Chung, G., Klein, D., deVries, L., Burnham, B. (2000).  How Teachers Use IMMEX In 

The Classroom.   2000 CRESST Evaluation Report.  
http://www.immex.ucla.edu/Topmenu/WhatsNew/EvaluationForTeachers.PDF 
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3. (        ) GRADUATE STUDENTS
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5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER
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C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN
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1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE
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The senior personnel have the following major responsibilities in this proposal; 

 

Year 1, Objective #1: To convert existing complex context-rich problems into the IMMEX environment for 

online delivery. 

Atwood, Ogilvie, Herrera: iterate with IMMEX team on the conversion of the first few complex 

problems. After testing these with a focus group of students, convert at least ten problems into 

IMMEX environment.  

Meltzer: Run first test of IMMEX problems with a focus group of students. 

Stevens: Consult and review problems as they are converted into IMMEX. 

Shelley: Collect evaluation information from project during first year.  

Year 1 and 2, Objective #2: Add rewards to online complex problems to encourage proactive problem-

solving steps such as problem categorization, checking-strategies, justification, and reflection.  
Herrera: write links where students enter justifications and reflections. Track usage of these rewards. 

 Year 2, Objective #3: To analyze the solution-pathways that students use when solving complex, context-

rich problems and to determine changes in student solution strategies as they participate in explicit problem-

solving instruction.  

Atwood, Ogilvie, Stevens: Perform first trial of 100 students in one full-semester. Analyze student 

solution-pathways, categorize these with e.g. IMMEX neural-net tool. Examine whether these 

strategies change over time. 

Herrera: Make changes to IMMEX problems based on first trial feedback. 

Meltzer: Compare experimental group of 100 students with comparison group of 400 students on 

various measures; conceptual diagnostic tests, problem-set scores, exam scores. 

Shelley: Complete evaluation of project. Use multiple-sources of information including the above 

comparison between experimental group, interviews, other data about the student groups.   

 

One note; David Meltzer’s appointment at ISU is due to end in mid-2005, so he is listed on this project 

as a consultant rather than a co-PI. Other items requested are 

a) Travel to UCLA for collaboration with IMMEX team for one person per year (Ogilvie/Atwood 

will alternate) ($400 airfare, $500 hotel, $150 meals = $1000 per trip) 

b) In the second year there is an additional travel request of $1000 to an AAPT meeting to present 

our results. 

c) Undergraduate research assistants for analysis of problem-solution pathways @ $10/hour  
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Ski Jump 

 
 

You have landed a summer job with a company that has been given the contract to design 
the ski jump for the next Winter Olympics. The track is coated with snow which slopes 
downwards at an angle of 20o from the horizontal. A skier zips down the ski jump ramp 
so that he/she leaves it at high speed. The winner is the person who jumps the farthest 
after leaving the end of the ramp. Your boss tells you to determine the maximum safe 
height of the starting gate above the end of the ramp which will determine the mechanical 
structure of the ski jump facility. You have 24 hours to tell him the height so that the 
group can proceed with the rest of the design.  
 
Information Links 
 
1) Data 

a) Static coefficient of friction between skis and snow [2 hour] 
••••    The coefficient of static friction is in the range 0.0500 ≤ µ ≤ 0.1000. 

 
b) Kinetic Coefficient of friction between skis and snow [2 hour] 

••••    The coefficient of kinetic friction is in the range 0.0200 ≤ µ ≤ 0.0300. 
 

c) Acceleration of gravity at the resort to 6 figures [2 hour] 
••••    g=9.79609 m/s2 at the resort. 

 
d) Speed at which skiers leave starting gate [2 hour] 

••••    The speed at which the skier leaves the starting gate is 2m/s. 
 

e) Safety standards for ski jumps [2 hour] 
••••    The velocity component of the skier perpendicular to the landing surface 

should not exceed 7m/s. 
 

f) Mass of Skiers [2 hour] 
••••    You should assume that skiers can have a mass in the range 60kg≤M≤120kg 

 
g) Temperature range for resort [2 hour] 

••••    The temperature range at the ski resort is –10°C≤T≤-1°C 
 

h) Ask your boss about air resistance [2 hour] 
••••    Your boss suggests that the cautious assumption would be to suppose that air 

resistance is negligible.   
 
 
2) Physical Laws 

a) Constant Acceleration Formulae [3 hour] 
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b) Conservation of Energy [3 hour] 
••••    The total energy of a closed system does not change during any physical 

process. Friction converts mechanical energy into heat. 
 
  

c) Work Energy Theorem [3 hour] 
••••    The change in kinetic energy of a system is equal to the work done on that 

system. The work done by a constant force is rFW �

�

∆⋅= . 
 

d) Newton’s Three Laws [3 hour] 
••••    An object moves at a constant velocity unless acted on by a force 
••••    The force acting on an object is mass times acceleration: amF �

�

= . 
••••    If object A exerts a force on object B then object B exerts an equal and 

opposite force on object A. 
 

3) Diagrams 
a) Sketch of the ski jump [4 hours] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Empirical velocity versus time curves for skiers on ramp [4 hours] 

3m 

20° 

30° 

Upper 
Ramp 

Landing 
zone 

Jump 

Release Gate 
Release velocity ≤ 2m/s 



 
 

••••    Three professional skiers were clocked going down a snow ram similar to the 
one above the ski jump.  Below is are the velocity versus time curves for these 
runs. The best of these skiers should be about as good as Olympic class ski 
jumpers. 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

c) Empirical velocity squared versus position curves for skiers on ramp [4 hours] 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time (s) 
1 2 3 4 5 

5 

10 

15 

20 

Velocity  
m/s 

15.83m/s 

15.01m/s 

12.51m/s 

Position (m) 
10 20 30 40 

50 

100 

150 

200 
(Velocity)²  
m²/s² 

253.3 m²/s² 

240.0 m²/s² 

200.2 m²/s² 

250 



 
 
 
 
 
4) Hints 

a) Suggested setup [5 hours] 
••••    First determine the maximum velocity at which the skier can leave the ramp 

and then determine how high above the ramp he must be released to reach that 
velocity. 

 
 

b) Suggested Coordinate Systems [5 hours] 
••••    For analyzing the trajectory after the jump, use a coordinate system with the 

x-axis parallel to the slope in the landing zone. For the motion on the upper 
ramp, use a coordinate system with the x-axis parallel to the upper ramp. 

 



 
 
 

Solution 
 
First, let us determine the maximum velocity which the jumper can leave the gate without 
violating the safety condition. To do this, let us adopt a coordinate system with the x-axis 
parallel to the slope below the jump. 
 

 
According to the safety specifications, smvv yy /10max =≤ . In the critical case where 

maxyy vv =  , since we are assuming air resistance can be neglected, we can use constant 
velocity formalism. 
 
Setting this up as a constant acceleration problem, the acceleration in the y direction is 

2cosθga y −=  while the displacement of the jump point above the landing slope is 

2cosθhy =∆ .  The vertical component of the skier at the jump in the critical case is given 
by: 
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The initial vertical component must be positive since θ1<θ2.  
 
When the skier leaves the jump, he/she is moving at an angle of θ2−θ1 and  will have a 
vertical component in our coordinate system of  
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To determine the release point, let us now use a coordinate system for the upper ramp 
which is parallel to that ramp. At the point of the jump, the kinetic energy of the skier is  
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if L is the length of the ramp above the jump then  
 
 LFKK xgatejump +=  
 
Where Fx is the force parallel to the ramp. The length of the ramp is thus given by  
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where )cos(sin 11 θµθ kx mgF −= . Thus, 
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Substituting in the numbers, we find 
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From this we get the maximum length of the ramp above the jump where we take the 
coefficient of kinetic friction at its lower range to be cautious: 
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November 27, 2004 
 
 
To Whom It May Concern: 
 
I am pleased to be an external consultant on Dr. Ogilvie’s CCLI proposal to incorporate his 
library of existing complex, context-rich, university-level physics problems into the IMMEX 
problem-solving software environment, and to begin to model the strategies students use to solve 
these problems.  
 
Dr. Ogilvie and I have discussed the design formats and technical requirements of both the 
existing problem sets and the IMMEX software and it would appear that there is a natural synergy 
of the projects here.  I do not foresee any major difficulties in converting the problems into a 
web-based format and integrating them into the IMMEX data system.  The proposed number of 
students participating in his courses should be sufficient to ensure the generation and revision of 
valid performance models.  
 
Our existing web-based training materials should allow the local generation of sample problem 
sets that can then be pre-tested by our staff at IMMEX.  During this period it may be useful for 
Dr. Ogilvie and a member of his team to visit IMMEX to learning the details of the problem 
packaging, staging and the mechanics of accessing the student performance data.   Later in the 
project when sufficient performances have been collected and the data analysis begins we can use 
Net Meeting or similar software to discuss and refine the general performance models.  
 
I look forward to establishing this collaboration. 
 
Sincerely,  
 

 
 
 
Ronald H. Stevens, Ph.D. 
Professor of Microbiology, UCLA 
Director of The IMMEX Project (http://www.immex.ucla.edu) 
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